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Endovascular techniques for arch vessel
reconstruction
G. Matthew Longo, MD, and Iraklis I. Pipinos, MD, Omaha, NebEndovascular management of aortic arch pathology
consists of two primary approaches: hybrid operations (See
the article by Drs Vallabhaneni and Sanchez) involving the
combination of open and endovascular techniques1 and
endovascular repair without open revascularization of the
arch vessels prior to stent graft deployment. The latter are
grouped into three basic techniques: (1) In vivo fenestrated
stent grafts, (2) retrograde branch stenting (double barrel/
chimney graft/snorkeling technique), and (3) prefabri-
cated fenestrated and branched stent grafts (See the article
by Drs Greenberg and Qureshi). These techniques provide
the opportunity to extend the proximal landing zone of
thoracic stent grafts in an effort to improve endograft
fixation and seal within the aortic arch. Furthermore, mas-
tery of these techniques allows for endovascular salvage of
an arch vessel if it is inadvertently covered, without having
to resort to open operations to provide vessel perfusion.
Ideally, utilization of these skills will permit a greater num-
ber of individuals to undergo endovascular repair of aortic
arch pathology in situations where the open repair carries a
prohibitive risk. Each of the interventions described are
unproven with respect to the long-term durability of the
procedure and utilize equipment in a manner that has not
been tested or approved for these specific maneuvers or
techniques.
IN VIVO FENESTRATION OF AORTIC STENT
GRAFTS
The decision to fenestrate a stent graft requires detailed
preoperative imaging to determine the number of vessels
that will be covered by the thoracic stent graft. If the orifices
of the carotid arteries require coverage, cerebral perfusion
will need to be maintained with a temporary arterial
shunt.2,3 Access for the thoracic aortic stent is typically
obtained via the common femoral or external iliac arteries.
Each of the arch vessels requiring revascularization at the
time of thoracic grafting is exposed and controlled through
standard exposure techniques. The common carotid arter-
ies are exposed at the base of the neck, and the left subcla-
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Ideally, the left subclavian artery is controlled at the para-
vertebral portion of the vessel.4 Access to the vessel at this
point eliminates some of the concerns regarding vessel
tortuosity and angulation of its takeoff from the aorta.
After obtaining open access to the vessels requiring
coverage, a 6F sheath is introduced using the Seldinger
technique. The thoracic graft is brought up from the fem-
oral access site and positioned. It is important to note the
position of the thoracic stent struts. Ideally, the fenestra-
tion is placed at a point where there is a gap in the fabric
between the metal stents. At a minimum, the apices of the
metal stent must be avoided. If the stent of the thoracic
graft will not allow a circular hole to be cut, the stent within
the fenestration will deploy poorly, potentially failing to
provide perfusion of the arch vessel or creating an incom-
plete seal and thus, graft failure.
After deployment of the thoracic graft, the sheath
originating from the arch vessel is advanced, allowing abut-
ment of the sheath and the fabric of the thoracic graft. With
the sheath against the graft fabric, fenestration of the graft
may be obtained in multiple ways. In the method, initially
described by McWilliams et al, the stiff end of a 0.014-inch
or 0.018-inch guidewire is used to puncture the fabric.5 If
the wire is having difficulty penetrating the fabric, a balloon
sized for the arch vessel is positioned at the ostia of the
artery and inflated. The stiff end of the wire is brought
through the balloon lumen to puncture the graft, using the
inflated balloon for support.
An alternative method for accessing the thoracic graft
involves advancement of a 20-gauge spinal needle over a
wire through the sheath.2,4 The needle is positioned
against the graft fabric and then used to puncture the fabric
with subsequent advancement of the wire into the thoracic
graft lumen (Fig 1). In an arch vessel with significant
tortuosity, a transjugular intrahepatic portosystemic shunt
sheath with an inner metal core can be precurved, allowing
for safer introduction of the 20-gauge needle4 (Fig 2).
After the graft is perforated, a 2-mm balloon is used to
dilate the perforation. This is followed by a 3- or 4-mm
cutting balloon. The sheath and introducer are advanced
into the lumen of the thoracic graft, allowing for exchange
to a 0.035-inch wire. This wire is directed into the descend-
ing thoracic aorta where it can be snared and brought out
through the groin access site. The fenestration is now
enlarged, with either a 7- or 8-mm cutting balloon. With
the increased opening, a covered stent can safely be passed
through the fenestration. After deployment of the stent, it
is flared proximally and distally to achieve a seal. In situa-
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bare metal, balloon-expandable stent is suitable, in place of
a covered stent.
A third method for graft fenestration was recently
described.6 Instead of using a wire or needle to access the
thoracic graft, an endoluminal laser is utilized. A sheath is
brought up against the endograft fabric for both support
and prevention of injury. The laser is brought through the
sheath and positioned against the fabric, burning a hole
through the fabric. Once the fenestration is created, the
wire and sheath are advanced into the thoracic graft lumen.
The perforation is dilated and stenting proceeds as previ-
ously described. A significant advantage of this technique is
Fig 1. A, Stent graft positioned, with needle and sheath
is advanced into the lumen of the graft. C, Balloons ar
puncture site. D, The 0.014-inch wire is exchanged for
fenestration with the stent. E, The stent is deployed and
Fig 2. Modified transjugular intrahepatic portosystemic shunt
sheath, with an inner metal core is pre-molded to allow safe passage
of the long needle to the thoracic graft. Reprinted with permission
from Manning BJ, et al. J Vasc Surg 2010;52:491-4.access to the graft can be obtained without a subclavianartery cutdown. The brachial artery is accessed percutane-
ously, and the laser advanced up to the subclavian artery to
a point where it is positioned against the graft fabric. It
should be noted, however, this technique is described with
use of a polyester thoracic graft. It has not been attempted
on a polytetrafluoroethylene (PTFE) graft, and thus, the
effect of the laser on this material is unknown. It is known
that when PTFE is heated or burned at high temperatures
hydrogen chloride, trifluoroacetate, and other toxic sub-
stances are released.
AORTIC BRANCH STENTING
A variety of monikers have been used to describe the
technique of retrograde stenting to preserve perfusion to
the aortic arch vessels – double-barrel technique, chimney
graft technique, snorkel graft technique.7-9 In a situation
where the need to obtain adequate proximal neck for stent
graft fixation or seal encroaches on a critical arch branch,
the technique of retrograde stenting is useful both as a
planned or bail-out procedure. If there is a high likelihood
that a critical arch vessel will be threatened by endograft
placement, it is beneficial to gain access to and position a
rescue wire in the threatened vessel prior to endograft
deployment. This saves time and assures access to the
vessel.
In this technique, percutaneous or open access is ob-
tained for the vessel requiring coverage. The common
carotid artery is easily accessed via cutdown or a neck
puncture with ultrasound guidance, and the left subclavian
artery is accessed per a brachial artery puncture. A 6 to 8F
sheath is placed in the vessel using the Seldinger technique.
From the chosen access site, a 0.035-inch wire is advanced
ion against the graft, and the graft is punctured. B,Wire
sed into the fenestration and used to serially dilate the
0.035-inch wire, and the sheath is advanced across the
d proximally and distally.posit
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a stiffinto the aortic arch, and subsequently, positioned in the
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deployed per protocol. An arch arteriogram is performed,
allowing an assessment of the aortic arch branches. If there
has been significant encroachment on or coverage of the
Fig 3. A, Sheath is advanced along the lateral edge of
restore perfusion to the covered vessel. C and D, Ret
transbrachial approach.
Fig 4. A, Carotid-carotid bypass and subclavian-carotid
bifurcated proximal component, proximal stent.D,Depl
E, Catheterization of bifurcated proximal component. F
component.H,Ligation of left common carotid artery. R
2003;38:859-63.arch vessel, the introducer and sheath are advanced out ofthe respective vessel alongside the thoracic endograft. A
balloon-expandable stent is advanced through the sheath
and positioned with only a short segment of the stent
protruding beyond the proximal margin of the thoracic
horacic graft. B, Balloon-expandable stent is placed to
de stenting of the left subclavian artery origin via the
plantion. B, Insertion of first sheath. C, Deployment of
nt of bifurcated proximal component, short aortic limb.
rtion of second sheath.G, Deployment of tubular distal
ted with permission fromChuter TAM, et al. J Vasc Surgthe t
rograreim
oyme
, Inse
epringraft into the arch (Fig 3). The sheath is then withdrawn,
DB, et al. J Vasc Surg 2003;38:855.
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sheath allows more accurate placement of the balloon-
expandable stent, while simultaneously making it easier
to pass the stent alongside the thoracic endograft. If a
self-expanding stent is utilized, it can be brought along-
side the thoracic endograft, positioned, and deployed,
without initially having to advance the sheath out of the
access vessel.
Sizing of the stent is based on the size of the arch vessel
requiring salvage. If this technique is used to ensure pa-
tency of the left subclavian artery, the distal landing zone of
the stent should be positioned proximal to the origin of the
vertebral artery. During the completion ballooning of the
thoracic stent graft, the arch vessel stents are simulta-
neously dilated to optimize the apposition of the aortic
stent and expansion of the branch stent.
BRANCHED STENT GRAFTS
Branched thoracic endografts were initially described in
the 1990s by Inoue et al.10,11 Unfortunately, there is not a
commercially available fenestrated or branched graft for
total endovascular arch repair (See the article by Drs Green-
berg and Qureshi for a wide range of investigational de-
vices). However, utilizing existing modular aortic stent
grafts, endovascular repair of the aortic arch can be accom-
plished.12-15 If this approach is utilized, the right common
carotid artery (RCCA) needs to be large enough to accom-
modate a main body infrarenal aortic endograft delivery
system (7 mm). Prior to endovascular repair of the aorta,
the left subclavian artery is transposed to the left carotid
artery. Following this, a bypass from the left common
carotid artery (LCCA) to the RCCA is performed. This
allows perfusion of the cerebral vasculature to be based
completely off the innominate artery.
The endovascular portion of the operation begins with
the puncture of the RCCA below the carotid-carotid by-
pass. A short sheath and catheter are introduced into the
ascending aorta. An extra-stiff wire is then advanced and
positioned in the left ventricle. During these maneuvers, a
second operator obtains access via the femoral arteries, and
wires and catheters are advanced up to the ascending aorta.
Ascending aortic angiography is performed checking the
position of the coronary ostia. The main body of the
modular bifurcated aortic stent graft is then advanced into
the ascending aorta via the RCCA access site. As the device
is advanced into the ascending aorta, the markers on the
short limb are positioned inferiorly. The device is advanced
to a point where these markers are just below the infero-
medial margin of the innominate artery orifice. The proxi-
mal aspect of the graft must not impinge on the coronary
ostia. Furthermore, care must be taken when advancing the
graft, so that the graft introducer does not damage the
aortic valve. Once positioned appropriately, the graft is
deployed releasing its proximal aspect and short limb. Dur-
ing deployment of the graft, the heart is paused with an
adenosine bolus or external pacing. Angiograms at this
point are obtained to confirm that the coronary arteries areFig 5. A, Arch arteriogram demonstrating a saccular pseudoan-
eurysm. B, Completion angiogram, demonstrating proper graft
placement and perfusion of all brachiocephalic arteries.C, Postop-
erative CT angiogram. Reprinted with permission from Schneider
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innominate artery.
The short limb in the aorta is cannulated from the
common femoral artery access site. After cannulation of this
limb, the position is confirmed and an extra-stiff wire is
placed within the graft lumen and the ascending aorta.
Distal components are passed up, positioned, and deployed,
creating a seal in the descending thoracic aorta (Fig 4). As a
technical note, the long limb of the stent graft should not
cover the right subclavian artery in an effort to avoid
obstruction of flow into the right vertebral artery. This may
necessitate the limb being shortened on a back table and
reintroduced into the delivery system prior to implantation
into the patient. Completion angiograms are performed
after balloon angioplasty of the graft (Fig 5).
CONCLUSION
The pure endovascular repair of aortic arch vessels
remains a tremendous challenge for the endovascular sur-
geon. Presently, the endovascular devices available are not
designed for the treatment of aortic arch pathology.16
Thus, the techniques to handle these problems utilize a
collection of devices not designed specifically for the ana-
tomic or physiologic conditions found in the arch. Thus,
the long-term durability of these repairs remains in ques-
tion. However, the attractiveness of the endovascular arch
repair endures because of a belief that the avoidance of
aortic cross-clamping, circulatory arrest, and decreased in-
vasiveness will lead to improved morbidity and mortality in
patients requiring these repairs.17 For the practitioner per-
forming thoracic stent grafting, knowledge of these tech-
niques, even if they are not being electively employed to
lengthen proximal landing zones, is imperative. The ability
to perform these procedures offers the endovascular sur-
geon the opportunity to salvage an operation in the face of
a catastrophic mishap such as coverage of a critical arch
vessel.
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